INTRODUCTION A recognised complication of carotid endarterectomy (CEA) is postoperative haematoma, which can threaten the airway. Previous studies have looked at medical methods of preventing this complication. This study aims to evaluate the impact of simple direct pressure postoperatively on the development of haematoma. MATERIALS AND METHODS From 2011 to 2016, 161 consecutive CEA were performed by a single surgeon or trainee under supervision. After 80 operations, the postoperative technique was altered, with additional pressure being applied by the surgeon to the skin incision from completion of suturing until each patient was awake in the recovery room. The rates of postoperative haematoma and other complications were compared between the pre-and post-intervention groups, as well as grade of surgeon, urgency of operation and antiplatelet/anticoagulant use. RESULTS Post-carotid haematomas were eliminated in the post-intervention group (0/81); in the pre-intervention group 7/80 patients developed haematoma (P < 0.05). There were no significant differences in urgency of surgery, antiplatelet/anticoagulant use, grade of surgeon or other complications (stroke: 2/80 vs 0/81 P < 0.05), suggesting that this was not a learning curve effect. DISCUSSION The results suggest that applying direct pressure helps to reduce oozing, provides time to monitor and identify additional bleeding and protects the wound from excessive strain that may be caused by coughing while the patient wakes up. We advise that the lead surgeon should apply such pressure to ensure precise and focal targeting, for maximum effect. CONCLUSION During recovery from CEA, focused and prolonged pressure by the operating surgeon is a highly effective method of reducing haematoma.
Introduction
Carotid endarterectomy (CEA) is a surgical procedure used to remove atherosclerotic plaque from the carotid artery following arteriotomy. It is highly effective in helping to prevent the development of strokes, transient ischemic attacks (TIA) and reducing mortality rates among patients with symptomatic carotid artery stenosis of 50-99%. 1 The New York Carotid Surgery Study in 2007 found that minor postoperative complications could occur in 10% of all cases of CEA. 2 Common complications include cranial nerve palsies, wound infections, respiratory obstructions, unstable angina, pulmonary oedema and, most commonly, wound haematomas. 3 A potentially avoidable complication, postoperative haematomas increase the risk of infection, wound breakdown, fistulae and tracheal and oesophageal obstruction. 4 The prevalence of postoperative haematoma varies between studies from 3.4% to 12%. 5, 6 Reducing the risk of this complication will facilitate postoperative recovery. While medical therapies to effect perioperative bleeding risks have been studied, 7-10 the use of direct compression of the closed operative wound site has not been previously documented. This study evaluates a protocol of applying direct pressure at the closed skin incision site postoperatively to reduce bleeding and haematoma development. The use of direct pressure for haemostasis is commonly adopted in emergency medicine. This technique uses the simple physiological principle that increased external pressure promotes haemostasis by decreasing transmural pressure and blood flow in vessels. 11 The aim of this study is to retrospectively analyse the rates of complications before and after the introduction of this intervention. In May 2014, after 3 years of performing CEA without wound compression, the addition of direct pressure to the closed skin incision postoperatively was implemented. This was commenced at completion of wound closure and maintained by the operating surgeon during reversal of anaesthesia and during transfer of the patient from the operating table to the recovery room, until the patient was extubated, awake and had ceased coughing. If the surgeon was unable to maintain this pressure personally, the pressure was delegated to a recovery nurse with clear instructions as to where to press over the carotid patch.
Materials and methods
Postoperative complications were detected by medical staff and were assessed for severity. Large haematomas that were expanding or threatened the airway necessitated a return to theatre. Smaller haematomas were observed and managed nonoperatively.
Data were analysed on a standardised pro forma by medical staff, collated and divided into subgroups on Microsoft Excel 2011. Chi square analysis was applied to evaluate the difference between the groups. No ethical approval or funding was required for this study.
Results

Use of localised pressure surgical technique
Eighty CEAs were performed in the pre-intervention group compared with 81 in the post-intervention group. Of the pre-intervention group, seven patients developed haematomas compared with zero patients in the post-intervention group. The incidence of haematoma development post-CEA showed a marked decrease from 8.64% to 0%; this difference is statistically significant (P = 0.0065; Fig 1) .
Other complications
Cranial nerve injury was the second most frequent complication observed after postoperative haematomas. In the pre-intervention group, four patients presented compared with this complication and three in the post-intervention group. This difference was not statistically significant (P = 0.7196). The development of other complications such as TIA, stroke and hoarse voice also showed no statistically significant difference between the pre-and post-intervention groups (P = 0.3672, P = 0.4969 and P = 0.6203, respectively; Fig 2) .
Grade of surgeon
CEA was performed by either the lead consultant or a registrar under supervision of the lead consultant. Seniority of operating surgeon was studied to establish the presence of any 'learning curve effect'. The results showed that the consultant CEA group had seven haematomas, compared with zero in the consultant-supervised group (P = 0.3479; Fig 3) .
Urgency of procedure
RACE and ECE were compared to assess whether urgency of procedure affected postoperative haematoma development. One patient in the ECE group and six patients in the RACE group developed haematomas across 25 and 137 procedures, respectively. This result was not statistically significant (P = 1.000; Fig 4) . 
Discussion
These results suggest that the use of direct pressure at the closed skin incision during the immediate postoperative period significantly reduces the risk of postoperative haematomas following CEA. This study shows that direct wound pressure allows the advantages of antiplatelet therapy on reducing stroke rates, without the increased risk to stroke incidence of using protamine to reduce postoperative bleeds. Previous studies have aimed to minimise haematoma formation following CEA by investigating the effects of both pharmacological and practical interventions. Antiplatelet and anticoagulant use has been studied. The updated Society for Vascular Surgery guidelines, published in 2011, state that patients should be treated with low-dose aspirin perioperatively and, although clopidogrel monotherapy can be safely continued without an increased bleeding risk, its administration should be individualised per patient. 12 The effectiveness of administering single or dual antiplatelet therapy is debatable. Research following the publication of the guidelines has found clopidogrel to be significantly associated with increased postoperative bleeding and reoperation. While dual therapy with aspirin and clopidogrel has in some instances been proven to reduce recurrent neurological events and spontaneous embolisation prior to CEA, meta-analyses have ultimately found perioperative dual antiplatelet therapy to increase neck haematomas significantly. [13] [14] [15] Other medical treatments have been researched for their impact in reducing haematomas. Protamine sulphate, a heparin reversal agent, has been found to decrease the incidence of wound haematomas significantly, but it may predispose patients to increased thrombosis and stroke risks. [11] [12] [13] [14] The timing of surgery can impact the rate of complications. Nordanstig and colleagues identified that RACE performed within 48 hours presented a higher risk of complication compared with ECE performed within 2-14 days of diagnosis for symptomatic carotid artery stenosis. 16, 17 Kunkel et al. 18 studied the prevalence of carotid haematomas requiring evacuation in a series of 596 cases. Despite the use of postoperative protamine, they reported a haematoma rate of 2.5%, and that capillary oozing was responsible in 80% of haematomas. This reflects the common experience when re-exploring a neck for post-CEA haematoma when it is unusual to find a source of bleeding such as the carotid artery or jugular vein. We would suggest that direct pressure reduces the capillary oozing that occurs during recovery from anaesthesia, which is exacerbated by coughing, straining and fluctuations in blood pressure. 19 We are conducting a further study looking for an association between post CEA haematoma and respiratory disease.
The lack of any significant difference in the incidence of postoperative haematomas between consultant and consultant-supervised CEAs, as well as the observation that other complications are not affected by this intervention, suggests that wound pressure has reduced haematoma rates independently of a learning curve effect. However, this study cannot account for the individual experience of the registrar or the level of consultant supervision in each case. The application of wound pressure was supervised by a single surgeon in each case in this study, but the effect of pressure may vary in other hands.
Where previous studies have looked for associations between perioperative antiplatelets, heparin reversal agents and haematoma formation, in this study we standardised the medical therapy to study the effects of pressure alone. All patients received a standard single antiplatelet and venous thromboembolism prophylaxis regimen. Although the historical control group is a potential limitation of this study, we believe the standardisation of surgical technique and perioperative medication allows the benefit of wound pressure to be studied independently of other factors affecting bleeding risk.
Conclusion
The use of direct pressure following CEA in the immediate postoperative period has been shown to significantly reduce the incidence of postoperative haematomas. In this study, the introduction of this simple technique at one centre has changed a common and dangerous complication into a rare one. This technique requires patience from the operating surgeon but should reduce returns to theatre, wound infections and improve patient satisfaction with carotid surgery. Further study might help understand which patients are most at risk of this complication.
